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THE  AgRODTRAKIC  PROPEHTTES  OF  A SE'IPLS  NON  ROIXINQ  FINNED 
OCSS-CnJUTER  asmUDRATICN  BETWEEN  MACH  NUMBERS 
1.0  AND  2.? 


AfiSTRAt^ 

The  aeroc^'nasd.o  properties  of  a fisned  aodel  ore  given  for  a 
(Uob  munbca:  rugs  fron  1 to  2.$.  The  teat  vehicle  is  a ten-eollbar 
long  eono-cylisdor  body  vlth  four  reotongular  flna,  of  6$  thick  wedge 
seoticns,  set  in  a craoifona  configuration , Tho  data  ware  dotojniiacd 
by  firings  in  a spark  photography  range. 


SYMBOLS 


- AxLal  isoasrb  of  isertla 

• Traasvsrsg  nossnt  of  isertda 

- Maoh  nttsber 

- flaferenoe  Area  (-^) 

- Velocity 

- Flo  epaa 
. Fin  chord 

- >fedel  dlaicater  (caliber) 

2 

• AJdal  radius  of  gyratioo  (coUbera  ) 

2 

- TraaevcroQ  racJlue  of  gyration  (callbsra  ) 

• Kaas 

- Transverse  angular  velocity 

- Ejuoalo  pressure,  ^ 

2 

- Angle  cf  ysB 

. Mem  squared  ytn 

- Hr  density 

OOEariOlfiNTS  (angular  udts-radiaa) 

■ Drag/  q S 

• Homal  force/  q So 

• force/  q S 


IJasplTifr  foTf'f'/  q S (^. ) 


■ Taw  Biornart/  q S«x 
= EKjaat/  q Sc  (|^ 

• Dsnping  .uoment/  q Sc  (|^ 


INTROroCTION 


Free  flight  range  testing  provides  a r.oans  of  obtaining  the  static 
and  dyxanic  properties  of  projectiles.  Historically  it  has  been  on'  of 
the  aost  accurate  means  of  determining  the  total  drag  of  spin  or  fln- 
stablllsed  projectiles  In  supersonio  flight.  R*0e  flight  testing  may 
also  be  necessary  to  detarnine  the  static  force  and  sonant  properties 
near  sonic  speedn  although  these  properties  can  usually  be  adequately 
detersdned  at  supersonio  and  srubsonio  creeds  by  other  neans.  In  the 
case  of  the  ^nanlo  forces  and  monents  aotlng  on  the  projectile  only 
free  flight  testing  and  some  special  slnd  tunnel  instrumentations  are 
arallable  to  yiolix!  the  desired  Informtlon. 

f 1 2) 

The  Free  Flight  Aerodynaalos  Eange  and  the  Tranoonio  Eange  ' * 
of  the  Erterior  Ballistics  Laboratory  ore  instruments  for  doteralning 
data  to  yield  the  aerodFSOoio  oliaraoterlstics  of  models  or  full  soalo 
missiles.  The  properties  of  serceral  olasses  of  bodies  of  reToluticn 

hare  been  inrestlgated  and  also  sura  of  the  charaotecrtatlcs 

of  finned  shall. 

An  overall  investigation  of  the  motions  of  vlnged  and  finned 
projectlleo  of  a siii^le  type  sosr.ed  advisable.  The  ourrent  report  is 
eonoeraed  with  one  phase  of  the  larger  progroaj  the  parformanoe  of  a 
^rmed  projectile  as  a function  cf  Kaoh  atosber.  Investigations  of  the 

sadal  and  the  rolling  notions  of  this  nodel  have  already 

been  r^orted  as  had  an  Initial  study  of  tho  sjodel  with  slight 

asymmelry 

It  appeared  that  the  determination  of  static  ai^  cranio  oharaoteor- 
istleSi  through  utillBation  of  the  ranges,  he  acoomplished  best  by  a 

study  the  angular  notion^  of  a symnetrlc,  non-rolling  model, 
Aoeerdingly,  a series  of  models  was  designed  and  produced  to  have  as 
little  net  deflection  of  the  fin  surfaces  as  was  practical.  The  data 
obtained  from  these  cone-oylinder  models  with  tail  fins  for  a Kaoh 
number  range  of  I to  2,$  are  presented  and  some  of  the  problems  en- 
countered in  anoljming  the  observed  mutloos  discussed. 


^ Aerodynaalcal3y  this  motion  is  resolved  in  two  cwapon®tsj  pitch, 
vertically,  and  yaw,  laterally.  In  balliBilcs  the  vector  sun  of  the 
ooeponents  is  tamed  the  yaw.  The  term  pitch  will  usually  be  used 
here  to  denote  the  mere  general  hallistlo  yavLcg  motion  for  these 
®jdels  since  they  are  predoMn^tnly  nit?'h5ep  rntlonn  in  <-hr 

At  JCilJUe 


$ 


Tb®  Rang9  (Flf?.  1)  is  an  enclosed  firing  gallery  containing  16 
Indlvidoal  spark  shadowgraph  stations  which  record  horiaontal  and 
vertical  projactlons  of  the  ndsslle  as  It  passes  through  thea.  The 
tiae  of  flight  Is  recorded  on  chronograph  countsrs. 

The  model  is  fired  from  a gun  through  a blast  chamber  into  the 
range  gallary.  In  paesing  through  t>»  blast  chamber  the  missile  passes 
betwecr  electrostctloaUy  oharged  plates  and  aaqoLres  a trlffisin&g  eharge. 
As  the  charged  model  approaches  each  station  C^lB*  2)  an  antenna  loop 
before  the  station  goneratea  a eignal  which  is  anpUfied  and  deleted  to 
permit  ^.he  medol  to  come  to  the  center  of  the  station  before  the  station 
flrea.  The  nodel  la  shadowgraphed  in  two  planes  and  the  characteristic 
survey  marks  of  the  station  imprinted  on  the  photographic  plates.  These 
plates  yield  the  basic  data  to  detetrnilno  the  instantaneous  spatial 
coordinates  of  the  rdeelle  and  its  angular  orlentatien}  they  also  pro- 
vide a graphic  view  of  the  flow  field  about  the  model. 

Pregran 


Tho  firing  program  was  carried  out  in  two  phases.  The  first  phase 
consisted  of  the  lauoohliig  of  twelve  c»dols,  four  each  of  three  center 
of  mass  positions.  The  models  with  various  mass  oseter  poaitlors 

would  provide  checks,  through  the  o.m.^  transforraatloDS^  (12)^ 
oonsistenoy  of  the  data  and  give  a deterolnQtion  of  the  lift  and  dai^ing 
forces.  The  baslo  Haoh  number  was  1.8. 

The  second  pbaee  iovolved  the  launohing  of  eightsa:  models  of  two 
oontsr  of  mSSs  positions  in  a range  of  Maob  sunbers  from  about  1 to  3. 

Tte  esodol  configuration  was  ten-calibers  long  with  a 10°  sesd-angld 
conical  nose.  The  cruciform  toil  section  was  Jocated  at  the  base  of 
the  bothr  and  consisted  of  6^  thick  vedge-airroil  sections  with  a ono- 
callber  ohwtf  and  an  overall  span  of  three  calibers  (Pig.  3). 

The  B»dels  were  launched  from  a special  asooth  bore  gun  with  an  "X” 
shape  bore  (Figs,  h and  5)>  Tl»  model  was  accospanled  by  a sabot  and 
obturating  wafers  to  persdt  launohing  Q’lgs.  3 and  5). 

Some  ^eolal  reductions  of  the  rounds,  anl  also  of  computed  motions 
were  earridd  out  tc  assess  the  various  reduction  procedures  which  sight 
he  applied  to  the  motion  of  ssodels  of  this  type  and  to  evaluats  the 

offcc'tii  of  rdiior  V(M  fron  IJ.c  itionl  £;y: -.oiric  dooign.  Ilic-ij 

problesE  were  suggested  by  earlier  progracs  and  by  cairsit  work  on  the 
present  program.  The  meohanlus  of  , and  tsai^  of  the  suggestions  for. 
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th.1.s  latter  work  vers  done  by  icerabers  of  the  Ihta  Reduction  Section 
and  cml^  the  results  are  discussed.^ 

It  is  a bealc  requirenent  of  the  free  flight  range  technique  that 
in  order  to  study  the  aerodynaale  propartles,  other  than  drag,  the  oodol 
rpist  yas.  At  the  Ineaptlen  of  the  first  test  phase,  one  of  the  more 
prcsalBiBg  of  inducing  yaw  tflth  the  rail  gun  vaa  by  neaas  of 

throwers  installed  in  tlie  '’rail  extension  “ (Pig.  li).  These  devicee 
intere^  tho  following  sabot  as  it  olcors  the  nueale  .ce  of  the  ex- 
tension and  deflect  it  to  the  side.  If  at  this  romet.  tl»  sabot  ic  in 
oontaot  with  the  tsodel,  sose  of  the  energy  of  the  thrown  sabot  will  bs 
delivered  to  the  nodel.  Since  this  force  is  delivered  at  the  model 
base  it  should  reovlt  in  the  aodelt 

a;  yawing  awry  from  the  direction  of  the  throws  sabot, 
b.  attaining,  as  a result  of  a.,  an  aoro^nand.c  juap  avny 
froa  the  sabot, 

0.  acquiring  sose  directly  tronsBltted  lateral  velocity  in 
the  direction  of  the  thrown  sabot. 

The  latter  two  factors  tend  to  nullity  saoh  other,  and  could  con- 
oeivably  pei^t  the  production  of  reasonable  yawing  sotions  without 
prohibitive  late:^  deflections  of  the  model. 

A preLiclnajy  program  waa  fired  to  test  the  feasibility  of  this 
Rffthod  for  the  present  progran.  The  results  Indicated  that  if  tbs 
OBOunt  of  energy  transferred  fr'ro  the  sabot  to  the  s^del  could  be 
llBltsd  bv,  sey,  a fragile  shear  pis  botwosa  the  sabot  and  the  tradel, 
the  systea  oould  produce  desirable  yaws.  It  also  indicated  a narked 
sensitivity  to  rlnor  variations  in  pin  aanufaeture. 

A general  eurv^  of  tho  firings  is  given  in  Table  II.  It  appears 
that  the  sabot  tbrovei's,  coupled  with  a shear  pin,  can^roduoe  yaw 
but  the  systen  is  very  eenflltlvo  to  several  variables,*  Only  one 
tsodel  had  insufficient  yaw  to  yield  a reduction  but,  also,  only  about 
a third  of  the  icodels  were  at  or  near  the  nest  desirable  yaw  level. 

A potsoatially  better  method  was  available  for  the  second  phase  of 
program.  This  nethod  consisted  of  enduing  a high  strength  sagnet 
In  the  model  and  launching  it  through  the  field  of  a powerful  electro- 
sagnet.  Since  these  firings  constituted  the  first  test  of  a systsn  of 


1 Jlppecdiz  M 

’>.  rrtrir:,’  urroi  (a)  vmiationa  In  pin  oti’ength  (after  the 

large  amount  of  machining  necessary  to  reduce  than  to  the  desired  shear 
area)  (b)  probable  variations  in  the  separation  of  the  model  and  sabot 
at  the  instant  of  contact  with  the  throwers. 


thl9  nature  sooe  difficulties  were  encountered  that  could  be  avoided 
in  fut'ira  firings  utilizing  this  syatffis.l 

The  n»dels  contained  four  inch  long,  half  Inch  dlajseter,  Alniuc  7 
Ejagnots  and  were  launched  through  an  a^ured  olectromagnet  with  a 
oasdsnsa  field  strength  of  18,000  Oauaa^  (?ig»  6)»  In  the  nain  it  pro- 
vided a reliable  source  of  yaw. 

Table  I gives  the  pfysleal  properties  of  the  nodels  and  Table  II  the 
launehlsg  ecnditloos* 


AERODZHAKIC  DATA 


Qengral  Treatment 


The  range  data  were  processed  by  the  usual  reduction  techniques 
applied  to  spinning  shell  and  by  special  reduction  techniques  set  up 

for  this  progran  The  tost  data  of  the  first  group  ware  obtained 

In  a Kach  nuciber  region  of  1.73  ^1.81;  and  at  an  average  yaw  level 

up  to  eight  d^rees.  Primarily  these  e»dels  fumishud  a eh«)k  of  the 
\aplatlon  of  the  aerwi^aEle  properties  with  oaiter  of  cnoa  position  for 
one  Mach  nusber  and  secondarily  the  variation  of  soae  of  the  oeofficiente 
with  yaw  level. 

The  second  grevp  vai  fired  froo  0.98  Z.M  4 2,5  and  with  average 

yaws  up  to  four  degrees.  These  models  furnished  data  prlBorily  as  funotions 
of  "Kach  nuffibei’.  ^ily  in  the  case  of  the  drag  coefficient  wore  eorre- 
laticna  with  yaw  level  praotiea.1, 

The  drag  coaffldcrtt,  Cg,  is  give;:  in  Table  in  and  in  Graphs  I 
and  ZI  as  a function  of  Kaoh  nusber  and  ycOr. 

The  value  of  the  drag  coefficient  desceiids  fairly  sharply  from  a 
peed'  at  about  K ■ 1.05  uadi  Maoh  number  1.3  and  thereafter  deoreases 
B»re  slowly  with  iaeroasisg  Mach  nunoer.  The  portion  of  the  curve 
near  sonlo  veloolty  la  not  as  well  dotersJjsed  os  the  regain der  sljioe 
there  is  only  one  ^ata  point  bslov  H • 1. 

The  ysw  drag  coefficient  decreases  from  about  15.0  per  radian  squared 
to  8,9  fVog  a Mach  nusber  of  I.I4  to  2,U. 

1 Prinar'’  nwng  these  waa  ihe  extrsHe  variability  in  reslotanoe  to 
ds&agnstisalton  among  the  first  lot  of  eagnets  prooured.  Later 
lots  appear t't  to  be  free  of  this  defect. 

2 Tfw  theory  of  the  Elect romagnetlc  Yaw  Inducer  and  the  detailed 
results  will  be  the  subject  of  another  report  and  will  not  be 
considered  here. 
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Several  Bodela  of  the  second  groi^  had  stable  laralnar  bjurdory 
layers  over  the  cone  and  part  of  the  cylindrical  body.  Since  the  sajority 
of  the  tsodels  had  turbulent  layers  over  the  whole  bocfy,  the  frictional 
dra^ja  of  models  with  lardnar  layers  were  corrected  a full  tur- 
bulent condition  and  the  curve  drawn  for  this  latter  state. 


7av  Moment  and  Canter  of  Presa'ore 

The  yaw  moment  derivative,  , Is  given  in  Table  m,  in  Graph  TV 

as  a function  of  Kaeh  number,  and  in  Qra^sh  Y ae  a function  of  center  of 
tsaee  position  for  H - 1.0.  The  movacent  of  the  center  of  pressure  of 
the  norr^al  force  as  a function  of  Mach  number  Is  preemited  in  Oraoph  III. 


The  behavior  of  the  moment  coefficient  appears  typical  above  M ■ 1.!^. 
A alElBum  value  for  the  two  center  of  mass  portions  occurs  near  a Haoh 
number  of  1.2.  Belov  thds  speed  the  value  of  increases  slightly  to  a 

asmlmum  value  bstvesti  H ° 1.C5  and  1 and  appears  to  decrease  sharply 
subsonloally  (although  this  latter  behavior  hinges  on  one  point  belov 
K - 1). 


The  phase  1 tests  indicated  a linear  variation  with  center  of  mass 
poDitlcne  for  the  three  o.g.  positions  used  at  M ■ 1.8.  The  slope  of 
the  curve  (Graph  V)  yields  Cb,  for  this  Mach  nucher. 

The  center  of  pressure  appears  to  be  In  a maximum  rearward  position 
near  M ■ 1 at  about  l-Vli  calibers  from  the  base  and  moves  forward  for 
greater  or  lesser  speeds.  As  Mach  number  increases  tlM  e.p.  moves 
fOTVard  urtll  about  M ■ 1.1,  rrarvard  until  H ■ I.I4  and  there  begins  to 
move  fortr.'d  again  steadily  with  increasing  Mach  number.  A position  of 
about  2,6  calibers  forward  of  the  base  would  be  reached  by  H ■ 2.6. 

HortBal  Force 

The  noraal  forci  coefficient  could  be  determined  t}:/  two  methods  In 
thia  program.  The  variation  of  the  yaw  moment  ae  a function  of  center 
of  mass  position  at  a given  Haoh  number  determlnae  the  derivatl/e  of 
the  Twn^  force  via  the  e.m,  transforaatlon,^  The  transverse  motion 
of  the  center  of  mass  of  the  projectile  In  response  to  the  lift  force 
can  also  be  used  to  determine  the  lift  (hence  nonaal)  force  through  an 
analysis  of  the  swerMng  motion.  Both  methods  have  advantages  and 
disadvantages.  On  the  credit  side  the  o.m.  transformations  involve  only 
physical  dimensions  and  the  veil  determined  soaent  coffiolents. 

However,  two  separate  rounds  are  involv«l  which  cannot  be  exactly  the 
same  shape.  In  addition,  interpolation  of  the  mceent  values  with 
respoot  to  Mach  number  ia  usually  required  to  determine  the  rorral  force 
-r  T five"  T!;c  .Tlf'’;  cocf I'ici ail  is  oLtaince;  iron  an  in- 

dividual round  through  the  swerve  reduction.  However,  this  reductlor  is 
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subject  to  st&rerse  ooridltlonst  (1)  the  actual  displacenent  lavolved  is 
siaall,  on  the  order  of  a l.®th  of  an  inch}  (2)  the  swerve  equations  rely 
on  thp  acoiiraq?  pf  the  yaw  detenaination,  and  since  this  involves  a 
double  Integ^ratl'oa  ol  the  yaw  the  swerve  fitting  is  very  seoBltlve  to 
even  mlnwr  anonallos  in  the  yawing  s»tlon.  Both  nethods  were  used  and 
are  shown  in  Orcph  71. 

Tiic  nortal  force  coefficient,  Ci.  , appears  to  follow,  qualitatively, 

the  trend  of  the  noaent  coefficient.  At  about  M • 1.1  a Liinlmia  C^,  of 

about  - 2$  is  resold  and  the  value  then  inoreases  to  about  - lli.?  at 
H ■ 1.  Zt  appears  to  decrease  for  the  lower  speed. 

Pmr!pir,>i  Hoaont 

Zhe  danpiag  rwcent  derivatives,  (Cj^  ♦ Oj^,)  are  determined  froa 

q a 

the  total  dtunplng  of  the  yawing  motion  cnee  the  lift  force  derivative 
and  the  drag  coefflolsnt  are  kifown,  Renee  the  accuracy  of  the  deter- 
mination of  those  eoefflelents  hlngsa  on  the  overall  fitting  aeouraoy 
of  the  yawing  motion  and  the  accuracy  of  the  determination  of  the  lift 
coefficient  0^^  . 

The  dagping  moBent  derivatives  are  a quadratic  function  of  center 
of  Bass  position.  This  variation  is  given  In  Graph  TTI  for  the  first 
group  of  models  (tt  ■ 1.8).  The  least  damping  ocours  for  a o.b.  position 
2,1  calibers  frcD  the  base. 

(C^  ♦ values  are  given  for  two  oenter  of  nass  poaltlons  aa  a 

q n 

funetlcm  of  Kaoh  nvssber  In  Graph  Till.  The  overall  behavior  is  slollar 
for  both  O.B.  positions.  The  value  increases  from  a large  negative 
level  near  H - 1 to  en  ill-defined  and  possibly  positive  value  at  about 
K " 1.0^  and  thereafter  decreases  rapidly  to  a taaxlmun  negative  value 
at  H - 1.3.  it  higher  Kaoh  numhers  there  is  a general  ".e^n^  to 
decrease  in  sagnltaJe. 

Danplng  Forces 

The  danping  force  coeffldente,  (C^j  ♦ Cjj.)  can  be  detertdned  by 

q a 

two  setbods,  in  owners  analogous  to  those  used  to  detemino  the  lift 
coerfielent.,  ((^  ♦ Cjj,)  can  be  Isolated  by  a conpaiison  of  the 
q a 
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dassplag  swaants  froa  aodela  »!.th  tvo  e.m,  positions  or  from  the  gverve 
of  the  liidiTld'Qal  model  due  to  ^.he  damping  forces , 


The  aeouraey  with  whieh  the  damping  nementa  are  deternined  is  lower 
than  that  of  the  jsv  ssment.  hcncn  the  damping  force  deteralnation  from 
tvo  moments  is  ve^er  than  the  slidlar  process  for  the  lift.  Zn  the 
oases  of  detemlaation  from  the  ewarvliig  jsstlon  it  should  be  noted  that 
the  displacement  due  to  the  dasq^ise  forces  is  considerably  less  than 
the  dlsplacenKit  due  to  lift.  In  vim  of  tnis  it  is  gratifying  that  the 
better  deterninod  values  from  the  swerve  are  in  reasonable  agreaaoit  vith 
the  curve  detorttlncd  from  the  damping  moment. 


, ■+  C ,),  evaluated  at  the  centroid,  is  given  in  Graph  IX  as  a 

Ha 

9 tt 

funotlen  of  Kaoli  nnshei'. 


Pbsarvable  Pheneaena  and  Tariaticn  of  the  Aarodmaaie  Propertioa 

A sezdcQ  of  shadovgraphn  Shoving  the  flov  field  at  different  ^!aoh 
Quehera  is  given  in  Tig.  7 & S,  The  relation  of  the  ebssrvou  drag  and 
the  state  uX  Ibe  boundary  layo*  has  been  diaoussod.  Other  properties 
of  the  ohanglr^  flov  pattern  vlth  Maeh  nusher  also  seem  to  he  reflected 
in  deflalto  ohanges  of  the  various  foroe  and  mcment  properties,  A 
correlation  is  given  In  Table  17,  In  g@oral  tvo  major  ohanges  in  the 
flow,  the  attachment  of  the  bo^  shook  and  the  attachment  of  the  fin 
shock  ^fftoa,  appear  to  Irfluanee  all  the  coefficients,  "he  Kach 
sumhsrs  associated  vlth  the  interaction  of  the  fin  tip  Haeh  ooae  vlth 
the  bo<!^  and  with  the  onset  of  fln-on»fln  Ixrberfereooe  also  Bppw>r 
to  be  points  of  change  for  spbo  paratieiers, 

In  the  case  of  the  better  determined  properties,  the  general 
behavior  le  qualitatively  e^lalnable  from  corslderation  of  the  model  os 
a sun  of  the  properties  of  the  body  alone  and  the  tail  alone.  The  mcment 
coefflolent  say  be  considered  as  an  axasple. 

The  moment  coefficleLit  decreases  vith  decreasing  Kach  nuaher  from 
K ■ 2,5  to  l.li  in  a manner  suggesting  the  theoretical  variation  of  vlng 
lift  with  Mach  number.  The  value  continues  to  decrease  until  M ■ 1.15 
but  vlth  a decreasing  rate  as  the  three  dimensional  tip  effects  Influence 
more  end  iwre  the  nelghhorir®  surfaces.  At  M ■ 1.15  the  fin  chock 
systffls  detaches  and  the  tail  suffers  a loss  of  lift. 


As  noted  in  Appendix  A the  variation  of  the  danplng  moment  coefficients  • 
la  a quadratic  function  of  center  of  Base  position  and  involves  Cjj  , C , 

Cl 

and  (CL  + Jhis  conpUcRtes  the  determination  of  the  latter 

q 2 

coeffiolcntB,  fiTvsver,  a function  of  + Cj^,)  and  Cj_j  can  be 

Q Cl  A 

constructed  so  that  the  function  varlp'-  linearly  vlth  c.o,  vith  a 
slope  directly  related  to  (Cjj  + Cj^,) 
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Th0  body,  howsver,  is  still  supersonic  and  its  destabilizing  Honeaat 
la  atlU  Increasing  with  decreasing  Mach  nuriber.  Hence  the  nonent 
coefflcleirt  Incroaaea  from  M ■ 1.15  until  M = 1.05  when  the  body  shook 
detaches  and  equalizes  matters.  Below  H ■ 1.05  the  monont  decreases  in 
oagnltcde. 

The  USB  of  sffldelB  designed,  and  carefully  manufaotuped,  to  produce 
a pure  pitching  Tsotlon  in  the  firing  range  la  a feasible  method  for 
detenaihlng  the  static  a;id  dynaaio  aero<fcTjard.o  properties  of  a finned 
nlasilo.  Antually  however,  a considerable  n'jmber  of  the  projectiles  so 
cianufaotured  will  not  be  perfect  enough  and  will  exhibit  a rolling 
notion  and/or  trimmed  flight.  In  order  to  yield  the  best  data  these 
twdola  nnist  be  treated  by  reductions  that  permit  roll  and  asymmetty, 
or  nrost  be  diecarded.  As  le  noted  in  the  Appendix  B these  defects 
introduce  errors  in  the  detemlnatlorja  of  the  yaw  damping  and  of  the 
lift  and  damping  force  froa  the  swerving  motion  if  onlv  s;,’ra!etrlc 
reductions  and/or  non-rolling  reductions  are  used. 

In  the  present  program  prAotioal  accuracy  could  have  been 
obtained  by  syraetric-iion-rolling  reductions  on  all  but  two  rounds  as 
long  as  it  was  not  nuesasary  to  rely  on  tins  fit  of  tlw  swervijig  motion 
bo  detensine  the  lift.  ApprocxlBataly  a third  of  the  models  required 
asynmetrlo  reductions  to  yield  good  lift  ooeffloients  from  the  svsrva. 


i^CYlkcOi/U^ 
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AF?ajDIX  A 
uatlons  aad  Tranafornationa 


The  equations  utlUaed  in  processing  firing  range  data  are  repeats 
hare  for  oonvsmenoe.  Further  details  luiy  be  obtained  from  the  Indicated 
rafermcoo. 

TaalBg  Hotlena 


shell  is 


^ho  equation*'’  usually  used  for  fitting  the  observed  notion  of  spihaing 

(U)  , 


(1)  X. 


'jo  “ 


V * ' <»*J0  ’ V 


vhs'e  p is  Aetaaeo  along  the  trajectory  In  oollbors.  and  ore 

initial  constants.  The  aei^’^U^uaslo  paraseters  are  relaxed  to  the  fitting 
parameters  as  foUovst 

(2)  Cj^.  (gSl  - («^  f #2  - 

fl  2 

aisl  _ 

(3)  ^ (^)  - 2Cjj  (^).  -(V 

and  generally  vlth  spinning  ehsll^ 


Sl'  ♦ 


A 2 


Seduotion  Syriolsi  X - Cnple^  yaw  Xg,  ♦ IX^ 

G - &rer78,  x ♦ ly,  notion  transvarso  to  the  Esan 
, trajectory 
■ ^IcycUc  turning  rates 

a.  ■ feicycUc  danplng  rates 


T7orT»Ally  B » 


-2  ^ 

- J,  (1  ~ — ) In  ^orr?  of  t. h-'  bnTUntfc  i,’  T- 


fnctoi’o  aiKl 


the  spin  In  radians  par  caliber.  Hence  this  tern  should 
be  aero  or  very  snail  for  the  present  case. 
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Slufltioa  (I)  Involves  10  unlmcwBQ,  K^q,  0^q,  Qy  ^jq,  and  j6^  for  J ■ 1,  2. 

Zt,  caa  be  ehovn  that  If  tbo  spin  is  aero  and  Hash  nusber  variatios  is  nsg- 
lislblfi  for  the  observed  flight  that  it  is  possible  to  reduce  equation  (1) 
to  6 unknwma  siooe 

®1  “ *2*  ^ " ^20  ^10  “ ^20  • 


, (5)  V- tio'"®  ’ ‘ ‘ ^0'  ‘ <<’20  - 

Ifj  the  sodel  has  as^etjy  thm  a third  oosipanest  moat  be 

added  to  jdeldt  ^ # 

(6)  X - (1)  ♦ Kjo  ^ i ^3 


The  fitting'  eqttatleiifl  os  originally  derived  and  as 

usually  utilia^.  are  a peLHurb&Uen  os  the  eosstaat  i^fflaLent  solution 
of  the  differential  equation.  Thla  perturbation  ters.^  . is  ^rcctlaated 
By  rstaialag  a tgn  involving  the  ^i^as  a Jiajor  faotor  l.e, 


(7) 


9 

3 


4 2 


(T  ■ H - 
(2T  - H ■ ^)r 


Bithout  detail  I the  a tern  imrolves  the  esasnt  ootfUslent  ax^  the  sp^, 
fi  the  da^Tlng  somsut  eoeffldenta,  T the  Magnus  taocest  ooeffioiest  and  s 
is  a rate  of  ohasge  of  spin  tens. 


Actually,  in  pregraas  lurolving  codels  vith  essentially  acjro  opiuj 
values  are  obtained  for  the  perturbation  a«!  the  rate  of  change  of  tlu 

rate  tens.  0^  , tdiloh  seen  signifleant  and  do  not  q^pear  ohargeable  to 
the  effects  of  spin.  The  soet  logical  j^asos  rezainisg  is  variatlm 
of  eeaffielests  vith  Hoeh  nunber.  The  actual  prooess  of  the  pertur^ 
batioB  does  not  specify  idiat  'the  varlatloaB  arei  but  the  t^  Imlving 
the  ^pia  is  evaluated  os  the  najor  one  for  spiaslag  8hsllt(^>  A 
reeradderatlra  of  the  perturbutioa  tei%s,  assudag  the  spin  tertna 
are  naBliglblo>  indicates  that  the  rate  of  ehaago  of  the  sonent 
eoefflolent' B^th  Mach  nunber  is  probably  the  sAjor  ressaioing  tarn. 
Practically,  this  torn  oould  be  of  sigailieairt  slie  only  ia  the  transonio 
reglon~^ut  obtain! Bg  data  in  this  legion  is  one  of  the  fortes  of  free 
flight' range  testii^.  The  total  perturbation  tera  (for  spin  • 0)  is 
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r 


of  th6  fora 


n/ 

' C 0 

r 1 . « I 

1 ; dli 


■»  * H 


" i 1 


°"A 


■:r 


— — 

fron  tho  data  of  tbs  presest  pr^raa  the  eeeffleiert  terv  la  the 
dsnonlsater  aro  negligible  vlth  respect  to  1 and  hKice 


(8) 


j 1 r^‘ 

I 


Considering  rate  of  change  of  Oy  Is  the  prlsar?  feLotaPf  then 
It  "a 

in  teroa  of  the  0^  it  foUovs  that 


hh 


sad  alae  the  relation  of  the 

I • 

rates 


80 


^ * 02  “ 0 (eero  spin) 
01  *02  "0 


thai  (10)  beoosea 


Old  taaea 


eon  bo  ovaloatcd. 


Stfervlng  Hotloa 


The  equation  fitted  to  the  obserratloas  of  tho  aleslles  atotlon 
transverse  to  Its  basle  trajcotoxy  Is  of  the  fellooing  tom  vhen 
asTcaatxy  Is  osnaideredi 


(11) 


♦ ly 


Z ^ l7 
0 ^e 


So  So 

r*r^ 


(X  - ?^)  dp 


The  last  tens  Is  ozltted  ters/em^o  reduetlons,  and  radnotlons  vlth 

i'lio  toizijj  involving  tho  opiu  ooiv  equal  lO  ai’o  oloo  uiiliscdo  Cnuo 

the  ysB  fit  baa  been  eatabllehed  the  integral  ssa7  be  ovaloated  by 
Several  iseans  as  dlsenssed  in  Bsf.  12.  Ins  subserlpt  teres  are 
grovity  wnrectiens,  the  "e*  sabscrlpt  tave  are  Cert  oils  correotions. 


Center  of  Maas  Tranafomatlon 


In  order  to  determine  the  force  eoefflcie^ta  fron  noamt  data  or  to 
apply  the  data  pertaining  to  one  cento?  of  naaa  positlwi  to  wot^  . 
there  are  relations  botHeon  the  eoefflolents  for  the  oases.  '3»  lO# 


Asterisks  represent  tho  values  of  a given  coeffiolent  at  a new  o.g.  _ 
position  in  terms  of  those  at  onotho*  position  separated  by  a distance  q 
(in  cftllbers,  positive  if  the  motion  from  the  old  to  tho  aca  la  noacuard) 


a a 


* S;>‘  • 

q 0 q 0 0 

’ ‘t’.  <;> 

s a so 


4 


Modified  damping  relation 


({a  O 


« \ ‘ 'll!’' 
4 o 4 a 


APPSK^rf  B 


Cue'  or  Uie  poisrtt  is  prograss  of  tblO  saturo  is  ths 

rv;st4nt  spnsinaee  of  roll  asd  trltk  tSat  Isdieats  that  the  la  not 
P«r4'«wt.  ^h«  <in»rtioa  alvsTS  arisen  as  to  ohotbor  it  io  soffloleat  to 
^p37  th«  slspler  ajmetr^le  reduotl<sis  or  vhstbar  it  is  neoessai^  to 
ippljr  the  sore  sos^lleatsd  toohsi^efs  of  xaduetlos*  la  order  to  eoaloato 
this,  for  aodels  of  prosoit  pregroa,  a seoles  of  redaotions  vare  roa 
on  acme  rovo^la  and  on  eoM  ooMjnted  tr&jeotories  and  Tsolrc  sotioas. 

S^eot  of  Slew  Soiling 

Table  V givee  a oo'^parlBon  of  tvo  iTpea  of  (^naetrio  raduotions  os 
tvo'Aotnkl  rounds  and  tts^ee  oospnt^d  aotioss.  The  nlx-untoowa  rednotior. 
pcstdlatee  no  spin  vMlo  the  t«a«'si^»vn  peralts  spin  ani  variation  of 
spin.  Tor  the  ^ aetn/il  tb«r«  ns  little  or  so  significant 

^fferenos  betveea  the  tro  radootlcRa.  The  apis  lenrel  iis^rsd  vas 
ssall  (2/2  dag  per  foot).  Is  the  ease  of  the  ecipnted  antioas  aa 
actual'  ^eet  of  ahdut  IjS  error  is  the  draping  vta  Iheurred  b?  applsring 
the  dix^unhnovil  rdduotios  up  to  a roll  rate  of  iVft.  (Soil  rates  on 
the  ardilr 'df  too  dep^a  per  foot  had  preolousl^  caused  trouble  so  that 
it  vaa  a question  of  what  lover  values  vould  do.) 

Effect  of  TriJi 

Xn  order  to  evaluitte  the  effeort  of  various  trios  on  ths  results  frca 
sjTsetsld  reduotldnS  of  the  yaslng  esd  nrerring  notions,  reductions  of 
■otidnS  eitb  sad  vlthout  knovn  tria  eare  tried.  A yaslng  sstios  was 
eoeputed  frea  the  sjnBetilo  eqnatlos  and  roduoed  and  a sladlar  ootlon 
vith  trin  vis  ooi^nrted  aol  retoed  Iporing  the  tria.  A evarvlng  netios 
VIS  coaputsd  from  the  ^ncetrlo  equations  for  tlds  notion  and  for  three 
differto  tria  lev^  to  treated  by  qmsetrio  reductions. 

TAhle  "TT  Steve  ^ effeot  of  various  levela  of  aBTscetry  on  the 
daaplng  oeaent  det<  leinaticn  to  oa  the  lift  aad  daxpisg'  force  drter- 
Binatlos  free  too  everve.  OcnBideriiig  the  yavlag  notion,  tria  angles 
vUte  Bight  be  just  visible  In  the  data  (.0^5  radians)  produced  aa  nro* 
in  the  disrlyg  noaent  detendnatlos  of  about  kft  A tria  of  .00$  radians, 
vbioh  should  be  quite  evidfflt,  prodoeed  about  a 13!l  error.  The  yssr 
Boaent  ooeffleient  var  not  seriously  affected.  The  ease  of  the  BverTing 
notion  ii  Booh  ncore  eansitive.  A tTla  angle  of  .002  radians  Tlalded  a 
statistleal  error  of  10)^  for  the  lift  eoeffioieBt  froa  the  fit  (the 
aotual  differ enoe  beteeen  liput  6^^  asd  eoaputed  v*r  of  the  order  of  US 

but  this  ^fat  be' fortuitous) . Tte  aoie  tria  gave  an  errdr  for  the 
dnii^Uif'fdhoe'ddAffielteitB  of  3H  (actual  dlfferaee  lid()»  Hovsver, 

h of  ^ nrr,>,,  , fo?'  1—!^'  i a3  loi;  aa  ,000^  radloiio,  Hcueo 

it  Gppeare  that  erriire  In  the  lift  dttBrBlnatlo&  of  op  to  and  in  the 
daq>lng  tareo  up  to  lOf  night  rerult  frca  asjEBetrles  that  are  not 
Istodataly  evidttt  in  the  rr-  data  aad  sight  arm  be  obeorced  is  a 
final  fit.  Visible  trias  can  produce  isuiced  errors  in  tba  lift  to 
daaping  force  detersinatlon  fToa  tha  averve  to  say  Istroduee  signified 
furors  in  tte  doling  snsent  detendLaatden. 


APPEJDIX  C 


TABLE  I 


Hound 

Maob 

A 2 

B 5 

o.g. 

!;o. 

No. 

gQ 

gn  In 

gB-iC 

in  fnoa 
base 

2^66 

i.ecs 

U7.65 

13.  Vf- 

55I.I46 

3. 112 

2589 

i.a:? 

II47.73 

13.52 

552.53 

3.111* 

2590 

1.803 

U7.68 

13.& 

552,06 

3.112 

2595 

1.78I4 

ll47o77 

13.71 

552,73 

3.109 

2596 

l.Slli 

255.95 

26.69 

8614.814 

2.252 

2598 

1.79s 

255.95 

25.88 

859,61 

2.258 

2599 

1.788 

251.65 

27.02 

86UI46 

2.250 

2591 

1.801 

255.39 

19.80 

896.31 

1*.002 

2593 

1.733 

21*9.146 

19.87 

896.67 

3.999 

259I4 

I.7I45 

2149.60 

I9.9I4 

897,99 

1*.001 

32146 

1.398 

227.02 

20.02 

013.57 

3.01*5 

3217 

1.2614 

227.15 

19.78 

8U.52 

3.056 

32ii8 

1.077 

228.18 

20,li3 

6l6.1i* 

3.035 

3{'l49 

i.050 

227,114 

19.99 

613.72 

3.051 

3252 

1.011 

227.38 

20.OI4 

811.11 

3.01*1* 

32,53 

1.01*7 

227.57 

28,18 

812.1*14 

3.OI13 

32  5U 

1.5C6 

313,82 

29.60 

1053.2 

2.592 

3255 

2.032 

313.11 

26.90 

10514.5 

2.588 

3256 

1.993 

312.03 

28,1*5 

101*9.2 

2.588 

3257 

1.390 

312.1*6 

28.33 

1050.3 

2.598 

325a 

1.139 

311.95 

28.09 

1050.3 

2.599 

3259 

1,081* 

313.00 

28.1*9 

1050.8 

2.590 

3260 

1.017 

313.30 

28.1*9 

1059,2 

2.597 

3261 

0.975 

3il.la 

28,21 

101*5.0 

2.595 

3262 

i.ou* 

3I2.38 

2S.la 

101*7.7 

2.590 

326? 

2Ji2? 

31 3 . 1^6 

28, 2B 

inM,  A 

3 - ^9^ 

32614 

2,1*68 

227.26 

19.91 

819.02 

3.076 

37 


11 


Kodel  Hogrret  deK 
sa^etlBKl 


Model  Maggot  de« 
le^otleed 


fTli'KW  1*1,  


TAK.R  m 


SEDaCTICW  VAVTFM 


Soisid 

He. 

Haob 

Ho. 

«D 

s 

a 

■ \ 

- <%*  =«!> 

9 a 



(pciP  radj 

(pc3  rod) 

2183 

L.B'^ 

o.l 

0.616 

8 (25^) 

22.61  (0.75) 

266  (m) 

8? 

1.82? 

0,7 

O.6H4 

11  (16;*) 

21.95  (0.65) 

3hO  ( 85) 

90 

1.803 

0.1 

0.6l4i4 

9$ 

1.761* 

0,6 

0.62 14 

22.2?  (0.65) 

238  (li*5) 

96 

l.Sllt 

1.5 

0.629 

15  (11*5) 

9.12  (0.6$) 

163  (11*5) 

98 

1.798 

5.6 

0.621 

15  (IW) 

9.81  (0.14$) 

2T6  ( 85) 

99 

1.788 

1.5 

0.662 

15  (195) 

9.56  (1.0$) 

178  (225) 

91 

1.801 

0.2 

O.6OI4 

5 (935<) 

36.58  (0.6$) 

51*8  ( 85) 

93 

1.733  53.1* 

0.873 

13  (255) 

39.69  (0.14$) 

1*66  ( 75) 

91* 

1.71*5  36.2 

0.777 

12.6(35) 

39.29  (0,055) 

518  ( 75) 

3Sli8 

1.398 

17.8 

0.789 

16.3(3.35) 

3l*.9  (0.2$) 

326  ( 1*5) 

1*7 

1.261^ 

6.2 

0.753 

16.7(1*.1*5) 

• 

0 

w-i 

31*9  ( 35) 

1*8 

1.077 

0.2 

0.895 

19.0(19.55) 

I40.0  (0.9$) 

173  (1*15) 

1*9 

2.050 

5.0 

0.526 

10.3(1.35) 

16.8  (0.15) 

30I4  ( 35) 

$2 

l.OU 

0.2 

0.889 

9.3(56,55) 

37.7  (0.0$) 

51*1  ( 5) 

53 

l.Oli? 

0.3 

0.883 

15,7(22.35) 

38.0  ( $) 

283  ( 5) 

51* 

1.506 

3.7 

0.710 

10.2(20.25) 

21.8  (0.3$) 

333  ( 8$) 

55 

2.032 

0.566 

56 

1.993 

6.6 

0.5814 

Il.2v  1.1*5) 

10.8  (0.0$) 

165  ( 5) 

57 

1.390 

0.5 

0,706 

25.9  ( $) 

58 

1.139 

5.I4 

0.850 

17.9(  1.15) 

27.8  (0.0$) 

191  ( 5) 

59 

i.oaii 

O.88I4 

26.9  (O.C^) 

133  ( 5) 

60 

1.017 

.0 

0.9W 

27.8  (5.1$) 

177  (35$) 

61 

0,975  18.14 

0.893 

19. 6(  5.0$) 

32.6  (1.3$) 

-91  (135$) 

62 

l.Oia* 

0.1 

0.905 

31.9(27.14$) 

30.1  (1.7$) 

170  (11$) 

63 

2»y 

0 « u / 8 

9.7(  '.M) 

61i 

2.1468 

0‘.2 

O.U49 

n.7 

9* 

s L. 


- 103  (lli9$) 


289  (2hO^) 


3:> 


Hub  Bo 


ims  27 

Of  k^omime  phtfsttses  Km  ommkm 


i.^Ji 

1,XS 

i.Ii 

3.1 


Od 


- OetaotiBait  e{  Saiy  Shook 
. Setaohxent  of  fis  Shook 

- S&d  of  latoTAotlea  of  fla  tip  fluid  en  hoC^ 

. Sim  of  latffutiea  of  oae  fin  on  It?  nef^bho;'^ 

Kteb  B^p 

i.oii  1.15  .li  a.)t 

Kfidm  i^radaoUlp 

'.  lag  of 

«Dd  of  rogien 

i .^lon  of 

of  luToaolag 

n^id  lapeaae 

•lope  vltb  do- 

«ltb  deeraai^ag 

oTWslag  K 

K 

Hop  alxdomn 

Approadjntely 

point  of  BBUt- 
tKUi  doeroaao 
vltb  doQi«Kiilnc 

X 

^saltljr  local  ss8i° 

looal  laxiaqw 

Bigiea  obpo 

wwlimgB  oft  vna  fenrard 

aft  poBitloa 

rate  of  forvard 

podticQ  pesitlm 

■otiu  altb  In- 
eroue  of  R 
daoreaeu 

Loeal  BBEi-  Kiaira 

KudJBXB 

Xaoal  Baxiimni  (?) 

Uw  Blni- 

OT 

XaziBUB 

Lual  alnlimia  (?) 

w 


( 


TAPIE  V 


OCiiP&raSOlJ  OF  J5SUCTI0N  TYTEO 
ZERO 


Oaee 

\ • 

— 

^ - "c  •■  V!  1<-*(C^  . V>| 

Reducvaon 

Type 

Ceapitedi  0^/tt  Spin 

12.27 

Oi? 

7.32 

C$ 

6 unJwffi»Tui 

Oei^utedj  0«S®/ft  Spin 

12.21 

1.0  $ 

l,hl 

1.3  1 

6 untoevfW 

Cesputcdi  Spin 

12.21 
l.I  ^ 

MO 

1.3  ? 

6 unJowfwno 

39.2? 

55.21 

6 unJffiawnQ 

(Spin^l/a  7ft 

0.0532 

0.6  1 

39.22 

0.08^ 

55.95 

0.7? 

10  uakncvns 

Rouwl  2598  . 

9.80 

30.61 

6 untoowna 

(Spin<w:/2  7ft 

o.u:2 

U.9  1 

10.01 

0,76% 

31.58 

8.0 

10  'jistawne 

> 


hi 


TA£I£  fZ 


SFTEOT  CF  TBIM  CSI  OlEFTiaX^S  OBTAZHIS  Ff£M  SIHHgmre  UV  AND  O^E 

SSQCnOIS 

gy  ragaros  tm?gs 

■ \ - % - o.  • ^ '-■’<  V 


Csss 



1,  Qoi)9uted  yanz^  notion  vlth  ^ 

ao.oh 

2$.9li 

CSS’S  trla 

0 

0 

2,  Coqput^  Fsolng  nretles  vlth 

20.06 

26.96 

0.002$  rsd  trlB 

0.3 

3.6 

3*  living  motion  ef  ronnd  2$y8 

9.80 

30.9 

O.li 

l*.9 

h»  YeAng  motlOB  of  evuad  2$98  * 

9.93 

37.0 

12.7 

•00$  nd  trlB 

1.2 

SVEB^  HSCL’aZOf!  FUOrS 

A 

q a 

— ii 

OoiVutsl  everrlBg  aotloa  vlth 

11.  L6 

1$2.8 

lore  trio 

0 

c 

Oo^mted  vlth  *000$  trla 

11.18 

2.1* 

150.7 

8 

Oe^atsd  vlth  .001  trla 

U.$l 

I*.8 

U3.6 

16 

Of^pnted  vlth  .002  tila 

ll.$3 

9.7 

131.9 

35 

DnrrRuajTisi  iis? 


of 

log  OffiaBlaatlea 

(^af  ef  OrdBOfiOQ 
C^artmont  of'  the 
WaaMngfcra  20,  B.C. 
Attn  I O^B  > Bs'i  Soe 


CMef.  Bureau  of  Ordnonee 
OepartocEt  of  the  Ha^ 
VaaMn^toB  20,  n.C. 

Attn  I Jls3 

Cssnaodcr 

Haval  PrwlBg  Ground 
I^khlgrsn,  Tii^lnla 

CoBfindsT 

fjaval  vrdnan!*e  lAborat  jry 

White  Oak 

Silver  Spring,  Kd. 

Attai  Kri  Neatir^on 
Hr.  Hty^ 

Suporintendent 

Naval  Postgraduate  School 

Honter^,  California 

CjnsuBder 

Naval  Air  Klsslle  Toit 
Center  ■ 

Point  Hvgu,  California 

Ccajnanfdng  Officer 
and  Diractor 
Iteyld  W.  Taylor 
Modal  Basin 
Washington  7,  D.C. 

Attn  Aero^asdos  lab. 

Ckirir.ander 

Naval  Air  Developnant 
Center 

JoteSriUe,  Peiaja, 


No.  of 

Cggi.  eo  OffianiBatica 

i Consnaador 

Naval  Ordnaneo  Toot 
Station 

China  Lako,  California 
Attn  I Teon  Library 

1 Coiuisandor 

Arnold  En^nooring 
Devolopaent  Center 
Tollohosa,  Tonneosee 
Attn;  Beputy  Chief  of 
Staff,  m> 

1 OonsiionJor 

Air  Mssearoh  and 
Bovelopwent  Conmnri 
P.O.  Box  1390 
Baltimore  3.  Ka27land 
/.ttni  Bepu^  for  Develop- 
Bcnt 

0 Blrootor 

Arced  Servioos  Tech 
Inforaatlon  Agency 
Soouesnts  Sorvlco  Center 
Knott  Building 
D^ton  2,  Ohio 
Attnj  CSO-SA 

li  A67IA  Reference  Center 

Tech  Infonsation  Di'rt.slon 
library  of  Congress 
Washington  20,  B.C. 

3 Wreotor 

Rational  Advisory  Connittee 
for  Aeronautics 
XS12  H Street,  N.W. 
Was:alngton  20,  B.C. 

? IH  r ijc+or 

National  Advisory  Coixnittea 
for  Aeronautics 
Anes  Laboratory 
Moffett  Jield,  Celllbinia 
4ttni  Dr.  A.C,  Charters 
Mr.  H.J.  Allen 


cismsfsiOH  ixs? 


SOt  ef 

C(gie8  OiBaRiBfttlen 

3 SatloMl  Advise 

C09i^tte«  fer 
AgFonauties 
Lbb^;!^  Mosidal 
Ae>8MQU.oal  Labt 

Held,  VirgiRla 
* Hf,  J.  SLfd 

Hr.  C.  B.  Brewn 
IB*.  Adolf  BuBoass 

1 HaUcnAl  AdrAflor? 

CoiaAttee  for 
Asreiiutlas 

Lcale  Fropul^oa 

Ltboratflxy 
daraltad'  Airport 
Clsraltad,  OUo 
Attn  I f.  Et  Kooro 

1 Diraetor 

fr.rftow  of 
StaadAT*,.' 

ConnwtKnit  Avenue  & 

Ton  Heea  R.W, 

VAeMr^tua  S.C. 

1 *;r'4(«tTvfir;5  Oenec'' 

.'.'danAl 

r?TVt'' .ille.  Alobana 
Tmo  Idbraxy 

3 Ocmandlng  Qffloer 

Ploot^'w.  Areeoal 
Itorer,  Hev  Jeroior 
Atte  I Sanosl  Felts&n 

ijKaxition  Laboratories 

1 Oonaadlag  O^jeral 

Truakford  Arr/enal 
Pmladeaphlri  37.  Fense. 

Attst  Bi^orts  Qtox9 

1 CbwwmdiBg  Offloer 

<;hcnical  Corps  ChcaJ.cal  4 

Badiologieal  Laboratory 
Any  Cbesdoal  Center^  Hd. 


Bo.  of 

Ogple.!  OrRanigation 

2 Sireetor,  ^ Ordnance  00170 
Xnstallatioa 
SApartsent  of  t ha  Any 
^800  Oak  Orove  Brivo 
Pasadena  2,  California 
Attn  I Mr.  Irl  B.  Bewlaa, 
Reporta  Group 

1 Dirofltor,  Op'vaticas 

Seaearoh  Offloo 
7100  Conseotlout  Avenue 
Chevy  Chaee,  Mai^'land 
Waa^£gtoc  i^i  DtO. 

2 Atdout  Beo^roh  Foundation 
33  W.  33  rd  StrMt 
Cfaiatgo  16,  ZUia^s 
Attni  Mr.  V,  Caals:’ 

Or.  A,  VundheilsF 

1 Aerophyoioa  SevelopBont 

Corp. 

P.O.  Bo*  657 

PadfiB  FkUsades,  Calif. 
Attnt  L>r.  VHIian  BoUay 

1 Pali  for  Ida  inetituto  of 

Teohnelogy 

Honaan  Bridge  Laboratory 
of  PbyalBS 

Poaf^dena,  CAlifaraia 

Attni  Dr.  Leve)''dtt  Dsrie,  JT. 

1 Consolidated  Tultee 

Aircraft  Corp. 

Ordnance  Aerophyalos  Lab* 
Palngerfioldi  Tesae 
Attni  J.B.  Anold 

1 Cornell'  Aeronautical 

Laboratory,  Znc. 
hh$$  Oeneare  Str«et 
Buffalo,  Hev  York 

Atijui  Hls^  Lli T.  Eviuib, 

librarian 


DISrRlHJTTON  LIST 


Ne,  of 

Copies  OrganlgQtlcn 

1 California  Institute  of 

Teohnology 

Ouggbahoia  Ae2*onautioal 
Passadona,  California 
Altai  Professor  HtW.LlGpESj 

1 Oen^al  SUctt-io  Co. 

Project  RBRHE5 
Sohcnoetad7,  M&w  Yoric 
Altai  Mr.  J.C  Hofftaan 

2 Sandla  Corporallon 

Sondla  Base 

?.0.  Sss^^BOO 
Albuo.utrquo,  Nev  Meadoo 
4ttn»  Hr.  Vynne  K.  Ccx 

1 Unlvarfllty  of  Mdehigan 

Willow  Run  R«!?6ai’oh  CaniaB* 
iallow  Run  Airport 
i’ybilaslii  Kiohlgan 
Altai  Mr.  J.  E.  Corey 

1 United  Aircraft  Corp, 

Eesetirch  Departeent 
Sasl  Hartford  8,  ConnectAciA 
Attni  Mr.  0.  H.  King 


No.  of 

Copies  Ortituu  'atiro 

1 Dr.  A.  L.  !''^rkstt 

Hughes  Aircvaft  Company 
Florence  A-raiue  at 
Teal  Str. 

Culvea*  Clti,  California 

1 Professor  George  Carsder 

Division  of  Applied 
Solenoes 

Harvard  University 
Caabrldge  3S»  Mass. 

1 Profflssor  PranolB  H.  Olauser 

Departcent  of  Asronautlos 
Johns  HepkinB  University 
Baltimore  16,  Mirylaad 


1 . University  of  South  Cftliiomia 
Bnglneearlng  Conter 
Loo  Angeles  7$  California 
attni  Hr.  H.  R.  Saffell, 
Director 


1 R^losjor  Clark  B.  Millikan 
Guggenheim  Aeronautlcfl 
Laboratory 

California  Institute  of 
leohnology 

Pasadffija  h,  Ca3±forni» 


i'5 


